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(57) Abstract 

An apparatus for providing flat gain amplification across a broad wavelength range comprising: input means (21) for inputting an 
input signal to an amplification waveguide means; output means (22) for outputting an output signal comprising an amplified version 
of the input signal having substantially fiat gain characteristics; noise dissipation means (27); amplification waveguide means (24, 26) 
connected to the input means and the output means, the amplification waveguide means providing for a variable amplification gain of the 
wavelength components of the input signal, the degree of amplification being proportional to the length of transmission of the input signal 
along the amplification waveguide means, the amplification waveguide means further comprising a series of output wavelength coupling 
means (25) positioned along the amplification waveguide means for coupling predetermined amplified wavelengths from the amplification 
waveguide m&ans to the output means, in addition to noise wavelength coupling means (24, 26) for coupling unwanted amplifications from 
the amplification waveguide means to the noise dissipation means (27) for dispersion by the noise dissipation means (27). 
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Ultra-Broadband Low-Noise Gain-Flattened Rare-Earth-Doped 

Fibre Amplifier 

Field of the Invention 

The present invention relates to amplification of 
optical signals and in particular those signals transmitted 



through optical fibres and amplified utilising a rare-earth 
doped fibre amplifier. 
Background of the Invention 

Recently, the utilisation of optical fibres for 

10 communications has become increasingly popular due to their 
high bandwidth capabilities. The wavelengths normally 
utilised for optical fibre transmission have been 
traditionally related to the low attenuation areas of the 
transmission spectrum of a single mode optical fibre. 

15 Turning initially to Fig. 1, there is illustrated the 
spectrum of a typical attenuation rate for single mode 
optical fibres. The figure indicates two particular 
windows of interest for low loss transmission, the first 
being at approximately 155.0nm and the second at 1310nm. 

20 The window at 1550nm has become particularly popular for 
its low attenuation rate. 

Recently the all optical rare-earth doped fibre 
amplifiers have also become increasingly popular for 
providing for the all optical amplification of an input 

25 signal. One particular form of amplifier in popular use is 
the Erbium doped fibre amplifier (EDFA) which has 
particularly strong amplification" also in the 1550nm 
region. Fig. 2 illustrates an example of the gain provided 
by a standard EDFA for different pumping powers (normalised 

30 to one with the gain also normalised to one) . As can be 
seen from Fig. 2, the gain profile of an EDFA is highly 
irregular. In the past, when only a single wavelength is 
transmitted by an optical fibre, this is not a problem. 
However, recently wavelength division multiplexed (WDM) 

35 systems have been proposed and constructed with, as the 
name suggests, the optical fibre carrying many different 
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channels at different frequencies or wavelengths. 
Unfortunately, the amplification profile of an EDFA results 
in each channel experiencing a substantially different gain 
and hence a WDM system is likely to be problematic for 
5 amplification by a EDFA amplifier unless the gain profile 
can be held to be substantially constant. It will, of 
course, be noted from Fig* 2 that an EDFA normally provides 
a degree of useable gain across a broad spectrum of 
suitable wavelengths however, as can be clearly seen from 

10 Fig. 2, the gain spectrum is "swamped" by the central peak. 
Summary of the Invention 

It is an object of the present invention to provide 
for an all optical system having a substantially flattened 
gain spectrum which would be suitable for incorporation in 

15 a WDM transmission system. 

In accordance with a first aspect of the present 
invention, there is provided an apparatus for providing 
flat gain amplification across a broad wavelength range 
comprising: input means for inputting an input signal to an 

2 0 amplification waveguide means; output means for outputting 
an output signal comprising an amplified version of the 
input signal having substantially flat gain 
characteristics; noise dissipation means; amplification 
waveguide means connected to the input means and the output 

2 5 means, the amplification waveguide means providing for a 

variable amplification gain of the wavelength components of 
the input signal, the degree of amplification being 
proportional to the length of transmission of the input 
signal along the amplification waveguide means, series of 

3 0 output wavelength coupling means positioned along the 

amplification waveguide means or said output means for 
coupling predetermined amplified wavelengths from the 
amplification waveguide means to the output means, in 
addition to noise wavelength coupling means for coupling 
35 unwanted amplifications from the amplification waveguide 

means to the noise dissipation means for dispersion by the 
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noise dissipation means. 

The output wavelength coupling means can comprise a 
suitably tuned optical grating and the noise wavelength 
coupling means can also comprise a grating formed along the 
fibre. The gratings are preferably long period gratings. 

The amplification waveguide means can comprise— a^-fibre 
amplifier such as an Erbium doped fibre amplifier or a 
Neodymium doped fibre amplifier. The noise waveguide means 
can comprise the cladding of an optical fibre. 

In accordance with a further aspect of the present 
invention, there is provided a multi-core fibre wherein the 
cores are structured such that, at predetermined 
wavelengths, the propagation constants are unmatched but 
are subsequently matched by the writing of long period 
gratings . 

In accordance with a further aspect of the present 
invention, there is provided an apparatus for providing 
flat gain amplification across a broad wavelength range 
comprising: input means for inputting an input signal to an 
amplification waveguide means; output means for outputting 
an output signal comprising an amplified version of the 
input signal having substantially flat gain 
characteristics; noise dissipation means; amplification 
waveguide means connected to the input means and the output 
means, the amplification waveguide means providing for a 
variable amplification gain of the wavelength components of 
the input signal, the degree of amplification being 
proportional to the length of transmission of the input 
signal along the amplification waveguide means, a series of 
output wavelength coupling means positioned along the 
amplification waveguide means or said output means for 
coupling predetermined amplified wavelengths from the 
amplification waveguide means to the output means. 

In accordance with a further aspect of the present 
invention, there is provided a method of for providing flat 
gain amplification across a broad wavelength range 
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comprising: inputting a signal to be amplified to a broad 
band amplification means having predetermined spatial 
amplification characteristics; spatially coupling the broad 
band amplification means to an output means so as to 
provide for substantially flat gain a mplifi cation of the 
signal to the output means to produce a substantially flat 
gain amplification output signal; and outputting the 
substantially flat gain amplified output signal. 

Preferably, the method can further provide the step of 
spatially coupling the broad band amplification means to a 
noise dumping means so as to provide for the reduction in 
unwanted amplifications in the broad band amplification 
means. The spatial coupling can comprise utilising an 
optical grating to couple the broad band amplification 
means to the output means. 

Brief Description of the Drawings 

Notwithstanding any other forms which may fall within 
the scope of the present invention, preferred forms of the 
invention will now be described, by way of example only, 
with reference to the accompanying drawings in which: 

Fig. 1 illustrates the typical attenuation rate for 
single mode fibres; 

Fig. 2 illustrates a graph of amplification gain for 
an erbium doped fibre amplifier (EDFA) for different 
pumping levels; 

Fig. 3 illustrates in schematic form a first 
illustrative arrangement discussed with reference to the 
preferred embodiment; and 

Fig. 4 illustrates, in schematic form, one form of the 
preferred embodiment of the present invention. 
Description of Preferred and Other Embodiments 

In the preferred embodiment an erbium doped fibre 
amplifier is utilised in conjunction with a grating system 
to transfer the signal associated with each wavelength from 
an input channel to an output channel at a position 
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determined by the expected gain on the input signal at a 
particular wavelength. Subsequently, the amplification of 
noise associated with the input signal of the same 
wavelength is discarded or "dumped" to a dispersion or 

"5 noise channel for dissipation. This process is repeated 
for each signal. _of_JLnterest . 

In order to obtain a clear understanding of the 
preferred embodiment, an initial apparatus is proposed and 
discussed with reference to Fig. 3. In this design, an 

10 input signal 10 is fed to an Erbium doped amplifying core 

11 which is placed in close proximity to a second non- 
amplifying core 12. The two cores 11, 12 exist within a 
cladding layer 13. Normally, whilst the two waveguides 11, 

12 are placed in close proximity however, they are designed 
15 such that coupling between them does not occur (eg. by 

choice of core diameter and refractive index, which whilst 
providing similar cutoff wavelengths as needed gives 
differing propagation constants) . The waveguide 11 can 
comprise an EDFA which is doped and pumped strongly. It 

20 potentially provides gain across a very large spectrum. 

However, as noted previously, the strong gain in the peak 
of the -gain spectrum of Fig. 2 swamps the tails. There is 
a point along the length of the waveguide 11 where any 
wavelength within the gain band reaches a certain level of 

25 gain (say 30dB) , those wavelengths at the gain peak 

experience this overall level of gain at the first part 
along the length of the amplifier waveguide 11 and those in 
the tail part of the gain band experience the level of gain 
in the last part of the waveguide 11. The gain flattening 

30 is achieved by coupling the two waveguides 11, 12 together 
at a certain point eg. 15-17 dependant on the amount of 
gain experienced at that point for the particular 
wavelength. The coupling can be provided by means of a 
grating written into the fibre. Preferably, long period 

35 gratings are utilised. The frequency of the grating 
written will be dependant upon the desired coupling 
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wavelength. The coupling at point 15 can be for the 
wavelength receiving maximum gain near the gain peak 
whereas the coupling at the point 17 can be for the 
wavelength experiencing a much lower level of gain near the 
gain tail along the waveguide 11. Hence, the coupling 
point varies down the length of the fibre according to the 
wavelength. The position of the gratings eg. 15-17 being 
adjusted such that the output gain of the output signal 18 
is substantially the same for all wavelengths, thereby 
achieving gain flattening. 

Unfortunately, the arrangement of Fig. 3 does not take 
into account any noise or residual signal that, for 
example, is not coupled out of the grating 15. 
Unfortunately, down the subsequent length of the waveguide 
11, the residual noise (and signal which was supposed to be 
coupled out at the point 15) will be amplified dramatically 
thereby absorbing energy within the waveguide 11 which 
would otherwise be utilised to amplify other wavelengths. 
With the very high gains in the channel 11 at the gain 
peak, spontaneous emissions will potentially experience 
sufficient amplification to cause lasing. However, the 
device of Fig. 3 may still be suitable in its own right. 

Turning now to Fig. 4, there is illustrated an 
alternative more suitable arrangement 20. This arrangement 
is similar to that illustrated in Fig. 3 and includes 
broadband input signal 21 and amplified output signal 22. 
An EDFA amplifier is provided 23 and pumped in the usual 
manner. Taking the example of one wavelength only, a first 
coupling is provided 24 for coupling the signal to output 
waveguide 25 as previously described. Along the rest of 
the fibre a series of gratings eg. 26 are provided for 
coupling any residual signal and amplified noise from the 
waveguide 23 to a noise dissipation waveguide 27 with the 
grating 26 being particularly tuned so as to provide for 
coupling directly to the noise dissipation waveguide 27. 
If desired, the noise dissipation waveguide 27 can be the 
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cladding of the fibre. The waveguide 27 provides a 
convenient place to dump the amplified noise before it can 
accumulate and deplete the gain or cause lasing. In the 
simple case, as noted previously, the waveguide 27 can 
5 comprise the cladding. Alternatively, it could be a doped 
waveguide wmch is unpumped^as a means for actively 
removing the noise. A series of gratings 26 can be 
provided along the waveguide 23 after a first coupling 
waveguide 24 so as to minimise any amplification of the 

10 noise signals remaining after coupling to the output 25. 

The arrangement 20 of Fig. 4 illustrates, for clarity, 
the processing of one wavelength only, with overlapping 
gratings being written so as to deal with other wavelengths 
so as to provide for both flat gain coupling to waveguide 

15 25 in addition to noise dumping to waveguide 27. Hence, 
the preferred embodiment can include a multi-core fibre 
with coupling provided by overlapping long period gratings. 
The coupling to the waveguide 25 can occur at each point 
where the requisite wavelength reaches a certain gain with 

20 immediately after the coupling to the output channels 25 
all subsequent noise associated with the output frequency 
being coupled to the vx noise dumping'' channel 27. 

Of course, other arrangements are possible: For 
example, counter directional pumping might be utilised so 

25 as to provide for maximum tail gain; Codirectional and 

Bidirectional pumping are also possible. Alternatively, a 
fourth core waveguide could be introduced with appropriate . 
gratings for distribution of the pumping energy in 
accordance with the needs. In other arrangements gratings 

30 can be written in the other waveguides. For example, the 
gratings could be written to the output and noise 
waveguides instead of the gain/input waveguides. 

In a further alternative arrangement, the noise 
channel can comprise the cladding. Other arrangements can 

35 include, for example, a central output channel around which 
is circumferentially arranged the gain amplifier and input 
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channel and further around which is circumf erentially 
arranged the noise channel. The channels can alternatively 
be in a different order. 

The principles of preferred embodiment can further be 
extended to other transmission windows. For example, in 
the 1300nm window Nd 3+ in silica is known to provide gain in 
this region but is normally unusable because of strong 
competitive lasing combined with poor centring on the band 
of interest. If gain is provided across the whole band, 
then high efficiency outcoupling of problem parts of the 
spectrum may result in realistic silica amplifiers for the 
1300nm region. 

An extension to the preferred embodiment permits 
efficient pumping of a gain medium from a multimode source. 
A multimode pump can be launched into a multimode core 
which runs close to a gain core. The cores are designed 
such that as far as is possible there is no coupling 
between either the signal or pump modes of the gain core 
and any of the modes of the pump core. Gratings are 
introduced to couple modes of the multimode pump to the 
fundamental mode of the pump in the gain channel. The 
spacing of the gratings along the fibre can be such as to 
allow for strong absorption of those components of the pump 
already coupled (so that there is negligible back- 
coupling) . In this manner, each mode may be coupled over 
and absorbed. This has an advantage over existing schemes 
such as cladding pumping, where the absorption of the pump 
relies on a simple overlap and the efficiency scales with 
the areas of the waveguides. This scheme may be 
particularly advantageous for lasers as well as amplifiers. 

Further, it is known that long period gratings are 
highly sensitive to perturbations. This can be used to 
effect tuning of the coupling and hence the overall 
performance. For instance, first order corrections for 
spectral gain variations due to changes in inversion from 
changes in signal or pump power could be corrected by, for 
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instance strain or temperature, tuning of the long period 
gratings . 

It would further be appreciated by a person skilled in 
the art that numerous variations and/or modifications may 
be made to the present invention as shown in the specific 
embodiments without departing from the spirit or scope of 
the invention as broadly described. The present 
embodiments are, therefore, to be considered in all 
respects to be illustrative and not restrictive. 
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We Claim 

1. An apparatus for providing flat gain 
amplification across a broad wavelength range comprising: 
input means for inputting an input signal to an 

5 amplification waveguide means; 

output means for outputting an output signal 
comprising an amplified version of said input signal having 
substantially flat gain characteristics; 
noise dissipation means; 
10 amplification waveguide means connected to said 

input means and said output means, said amplification 
waveguide means providing for a variable amplification gain 
of the wavelength components of said input signal f the 
degree of amplification being proportional to the length of 
15 transmission of said input signal along said amplification 
waveguide means, 

a series of output wavelength coupling means 
positioned along said amplification waveguide means for 
coupling predetermined amplified wavelengths from said 
20 amplification waveguide means to said output means, in 

addition to noise wavelength coupling means for coupling 
unwanted amplifications from said amplification waveguide 
means to said noise dissipation means for dispersion by 
said noise dissipation means. 
25 2. An apparatus as claimed in claim 1 wherein said 

output wavelength coupling means comprise an optical 
grating. 

3. An apparatus as claimed in any previous claim 
wherein said noise wavelength coupling means comprises a 

30 grating formed along said fibre* 

4. An apparatus claimed in claim 2 or 3 wherein said 
gratings comprise long period gratings. 

5. An apparatus as claimed in any previous claim 
wherein said amplification waveguide means comprises a 

35 fibre amplifier. 



INSDOCID: <WO 994541 BA1 J_> 



WO 99/45418 PCT/AU99/00129 

- 11 - 

6. An apparatus as claimed in claim 5 wherein said 
fibre amplifier is a rare earth doped fibre amplifier. 

■7. An apparatus as claimed in claim 6 wherein said 
fibre amplifier is an Erbium doped fibre amplifier. 
5 8 . An apparatus as claimed in claim 1 wherein said 

noise waveguide means comprises the cladding of an optical 
fibre. 

9. A multi-core fibre wherein the cores are 
structured such that, at predetermined wavelengths, the 

10 propagation constants are unmatched but are subsequently 
matched by the writing of long period gratings. 

10. An apparatus for providing flat gain 
amplification across a broad wavelength range comprising: 

input means for inputting an input signal to an 
15 amplification waveguide means; 

output means for outputting an output signal 
comprising an amplified version of said input signal having 
substantially flat gain characteristics; 
noise dissipation means; 
20 amplification waveguide means connected to said 

input means and said output means, said amplification 
waveguide means providing for a variable amplification gain 
of the wavelength components of said input signal, the 
degree of amplification being proportional to the length of 
25 transmission of said input signal along said amplification 
waveguide means, 

a series of output wavelength coupling means 
positioned along said amplification waveguide means or said 
output means for coupling predetermined amplified 
30 wavelengths from said amplification waveguide means to said 
output means. 

11. A method of for providing flat gain amplification 
across a broad wavelength range comprising: 

inputting a signal to be amplified to a broad band 
35 amplification means having predetermined spatial 
amplification characteristics; 
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spatially coupling said broad band amplification means 
to an output means so as to provide for substantially flat 
gain amplification of said signal to said output means to 
produce a substantially flat gain amplification output 
5 signal; and 

outputting said substantially flat gain amplified 
output signal. 

12. A method as claimed in claim 11 further 
comprising the step of: 

10 spatially coupling said broad band amplification means 

to a noise dumping means so as to provide for the reduction 
in unwanted amplifications in said broad band amplification 
means. 

13. A method as claimed in claim 11 or claim 12 

15 wherein said broad band amplification means comprises an 
optical amplifier. 

14. A method as claimed in claim 11 wherein said 
spatially coupling comprises utilising an optical grating 
to couple said broad band amplification means to said 

20 output means. 
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